Several pectolytic bacterial strains, mainly isolated from monocotyledonous plants and previously identified as Pectobacterium carotovorum, were thought to belong to a novel species after several taxonomic analyses including DNA-DNA hybridization. In 16S rRNA gene sequence analyses, these strains had a similarity of .97.9 % to the 16S rRNA gene sequence of strains representing six other pectobacterial species and subspecies. These strains, represented by strain SCRI 109 T , also showed some unique chemotaxonomic features and quantitative differences in polar lipids, lipoquinones and fatty acids. A specific feature of strain SCRI 109 T was the presence of DMK-8 lipoquinone, while the dominant fatty acids were the summed feature 3 (iso-C 15 : 0 2-OH/ C 16 : 1 v7c), the unsaturated fatty acid C 18 : 1 v7c and straight chain fatty acids, mainly C 16 : 0 . The DNA G+C content of strain SCRI 109 T was 50.2 mol%. The taxonomic status of strain SCRI 109 T and related strains in 16S rRNA gene sequence, chemotaxonomic, and physiological analyses was corroborated by the distinct clustering of these strains in multi-locus sequence analyses. It is proposed that these strains represent a novel species for which the name Pectobacterium aroidearum sp. nov. is proposed; the type strain is SCRI 109 T (5NCPPB 929 T 5LMG 2417 T 5ICMP 1522 T ).
Members of the genus Pectobacterium (formerly Erwinia) cause soft rot disease in plants of at least 16 dicotyledonous and 11 monocotyledonous angiosperm families (Ma et al., 2007) . At the time of writing, the genus has five species of which Pectobacterium atrosepticum and Pectobacterium carotovorum have been studied most extensively because of their economic importance to production of potatoes as a staple food crop (Perombelon, 2002) . The three other currently recognized species are Pectobacterium betavasculorum, Pectobacterium cacticida and Pectobacterium wasabiae, primarily pathogens of sugar beet, cacti, and Japanese horseradish, respectively (Gardan et al., 2003) . Pectobacterium carotovorum is phenotypically, genetically and pathogenically a particularly heterogeneous species. The specific and subspecific epithets of Pectobacterium carotovorum subsp. carotovorum pertain to carrot but the subspecies is also pathogenic on various other hosts such as cabbage and sunflower in addition to potato (Yap et al., 2004) . Members of the species that cause disease in witlof chicory in France were assigned to the subspecific group, Pectobacterium carotovorum subsp. odoriferum (Gallios et al., 1992) and another subgroup causing a potato blackleg disease with symptoms very similar to those caused by Pectobacterium atrosepticum was named 'Pectobacterium carotovorum subsp. brasiliense' (Duarte et al., 2004; Nabhan et al., 2012a) . Currently Pectobacterium carotovorum subsp. carotovorum tends to serve as a catchall for pectobacterial isolates differing from the specific descriptions of the other pectobacterial taxa.
In a recent study of pectobacteria isolated from monocotyledonous hosts, it was shown that many strains not only tended to be more virulent on monocot than dicot plants, but were also differentiated by a unique AFLP band, had similar banding patterns in internally transcribed spacer-PCR analysis, and clustered together in 16S rRNA gene sequence analyses ( Ma et al. (2007) of a collection of pectobacteria representing the various species, identified an 'orphan taxon' containing a monocot isolate (Ec106) (mislabelled in their Table 3 but correctly identified in  their Table 2 ). In our previous paper, we also showed that strains, mostly from monocot hosts, clustered together in a unique cluster (cluster PcV) between the Pectobacterium atrosepticum and Pectobacterium betavasculorum clusters in the AFLP phylogeny and between 'Pectobacterium carotovorum subsp. brasiliense' and Pectobacterium atrosepticum in the MLSA phylogeny based on a large collection of representative pectobacterium strains (Nabhan et al., 2012b) . Nabhan et al. (2012b) also show (in Fig. 1 ) the five strains belonging to the novel species (SCRI 109 T , SCRI 121, SCRI 3, SCRI 102 and Pc 1) clustered together with a high bootstrap value in the PcV cluster, separate from the representative clades of Pectobacterium carotovorum. It is noteworthy that strains SCRI 109 T , SCRI 121 and SCRI 102 of the PcV strains were initially identified as 'Erwina aroideae'. Moreover, in a DNA-DNA hybridization study, Gardan et al. (2003) obtained hybridization values as low as 62 % between strains of Pectobacterium carotovorum, which deviates from the accepted value of 70 % between strains of the same species. It is again interesting to note that at least two of their ungrouped strains (ATCC 12286 and CFBP 1535) were first identified as 'E. aroideae' (Holdeman & Burkholder 1956) . 'E. aroideae' was the specific epithet first used by Townsend in 1904 for soft rot bacteria from monocotyledonous arum or calla lily in the plant subfamily Aroideae (Dowson, 1957) . The 'E. aroideae' designation was maintained for a time for strains of pectobacteria that did not produce gas from glucose, but serological and early molecular studies suggested that 'E. aroideae' was synonymous with Erwinia carotovora, subsequently renamed Pectobacterium carotovorum subsp. carotovorum (Brenner et al., 1973; Eldod, 1941; Starr & Mandel, 1969) . In this paper, we propose to revive the specific epithet of 'E. aroideae' for a novel species, Pectobacterium aroidearum sp. nov., to accommodate the distinctive pectobacteria that mainly, but not exclusively, cause soft rot diseases of monocotyledonous plants.
Initially to confirm the status of the PcV strains as a separate taxon, eight housekeeping genes (acnA, icd, gapA, mdh, mtlD, pgi, proA and rpoS) were amplified and sequenced from the type strains of Pectobacterium atrosepticum, Pectobacterium betavasculorum and Pectobacterium wasabiae as described previously (Nabhan et al., 2012b) . The sequences were submitted to the NCBI GenBank under the accession numbers JN600333 to JN600355. The relevant gene sequences from each of the publicly available genome sequence of the monocot strain Pc1 (GenBank accession number CP001657), the four Pectobacterium carotovorum strains in cluster PcV (Nabhan et al., 2012b) , and the three type strains of 'Pectobacterium carotovorum subsp. brasiliense', Pectobacterium carotovorum subsp. carotovorum and Pectobacterium carotovorum subsp. odoriferum (Nabhan et al., 2012a) were tested further in this study. The concatenated eight housekeeping genes for each of the strains (Table 1) were used to reconstruct the MLSA phylogenetic tree in MEGA 5.5 ( Fig. 1) .
To substantiate the taxonomic position of the PcV strains as a novel species, DNA G+C content and DNA-DNA hybridization experiments were designed and conducted by (Hauben et al., 1998) . The DNA-DNA similarity among PcV strains, with one exception, exceeded 80 % (Table 2) , confirming sufficient uniformity among PcV strains to constitute a bacterial species by currently accepted criteria (Wayne et al., 1987) . The DNA-DNA hybridization experiments utilized strain SCRI 102 as a template and clearly confirmed its novel status with ,65 % similarity to each of the type strains of the named pectobacterial species (Table 3) . Moreover, using the available whole genome sequence of strain Pc1, an in silico alignment-free distance calculation using the NCBI-BLAST version 2.2.18 program was used to infer genome-to-genome distances (Auch, et al., 2010) . The query strain Pc1 was utilized as the template to calculate its genome-to-genome distance from each of the pectobacteria for which whole genome sequences were available (Pectobacterium carotovorum WPP14, 'Pectobacterium carotovorum subsp. brasiliense' CFBP6617, Pectobacterium atrosepticum SCRI 1043 and Pantoea ananatis LMG 20103 as an out-group). Based on the number of identities with high-scoring segment pairs per total high-scoring segment pair length, distance values of 9.8, 9.4, 10.9 and 14.39 % were obtained between strain Pc1 and strains WPP14, CFBP6617, SCRI 1043 and LMG 20103, respectively. The distances transformed to values analogous to those of DNA-DNA hybridization (Table 2) and were consistent with the proposition that strain Pc1 belongs to a unique taxon.
Two polymorphic 16S rRNA gene homologues derived from each of the four PcV strains and each of the type strains of Pectobacterium betavasculorum, Pectobacterium wasabiae and Pectobacterium atrosepticum were sequenced in this study (GenBank accession numbers JN600320 to JN600332) by the method reported previously (Nabhan et al., 2012a) . These were aligned with five 16S rRNA gene polymorphic sequences occurring in the type strains of the three respective Pectobacterium carotovorum subspecies, four polymorphic sequences in strain Pc1, and two in Pectobacterium atrosepticum SCRI 1043 (accession number FJ176937) retrieved from NCBI GenBank. The alignment of the 24 16S rRNA gene sequences was analysed using MEGA 5.5 in CLUSTAL W and the evolutionary history was inferred by using the maximum-likelihood method with the best-fit model of Hasegawa-Kishino-Yano (Hasegawa et al., 1985) ( Fig S1, available Previous studies have shown that by analysis of partial 16S rRNA gene sequences, strains could be assigned to individual species of the genus Pectobacterium or to a separate clade, for strains that were mostly but not exclusively isolated from soft rot lesions in monocotyledonous plants (Hu et al., 2008; Yishay et al., 2008; Wu et al., 2011; Zhu et al., 2010) .
Although biochemical characteristics within the heterogeneous subspecies, Pectobacterium carotovorum subsp. carotovorum, tend to be variable, discriminating patterns of carbohydrate utilization were discerned among some pectobacterial type strains (Table 4 ). PcV strains, with the exception of Pc1, were compared with the type strains of the various species of the genus Pectobacterium in tests using traditional microbiological methods: growth at 37 u C, reducing substances from sucrose, acid production from a-methyl D-glucoside, erythromycin sensitivity, gas production from D-glucose (Dickey & Kelman, 1988) , and the GN Gram-negative Biolog microplate. All GN Biolog plates were incubated at 27 u C and observed and evaluated after 48 h (Table S1 ). In contrast to the type strains of the named taxa, strains of PcV utilized glycogen, D-serine, Lalaninamide, D-alanine, L-alanine and L-alanyl glycine. Utilization of DL-lactic acid, a-ketoglutaric acid and Dgalactonic acid lactone differentiated PcV strains from Pectobacterium carotovorum subsp. carotovorum and Pectobacterium carotovorum subsp. odoriferum. Additionally, utilization of Tweens 40 and 80, xylitol, glycyl-L-aspartic acid and non-utilization of D-arabitol and glucose-1phosphate also differentiated them from Pectobacterium carotovorum subsp. carotovorum but not Pectobacterium carotovorum subsp. odoriferum. Ability to grow at 37 u C and 39 u C and utilization patterns of maltose, melibiose, raffinose and xylitol differentiated PcV strains from the type strains of Pectobacterium atrosepticum, Pectobacterium betavasculorum and Pectobacterium wasabiae.
Polar lipid, lipoquinone and fatty acid methyl ester contents were determined for the type strains of the novel species, SCRI 109 T , the four species of the genus Pectobacterium, CFBP 1526 T , CFBP 3304 T , CFBP 2122 T and CFBP 2046 T , and the two Pectobacterium carotovorum subspecies, CFBP 1878 T and CFBP 6617, by the identification services provided by the DSMZ, Braunschweig, Germany. The analysis of respiratory lipoquinones revealed large amounts of ubiquinone-8 (Q-8) and menaquinone-MK-8 (MK-8) in the reference strains but notably lower amounts in strain SCRI 109 T (Table S2) . A discriminative feature of strain SCRI 109 T was the 9 % DMK-8 lipoquinone, which was absent from all the other type strains except that of Pectobacterium betavasculorum, in which there was 2 % of the lipoquinone. Phosphatidylethanolamine and phosphatidylglycerol were the major polar lipids in all strains tested as determined by thin layer chromatography (Fig. S2 ). Aminophospholipid was also present in all strains but at lower levels than found in strain SCRI 109 T . Phospholipid 1 was detected in the Pectobacterium atrosepticum and Pectobacterium wasabiae type strains and at low levels in Pectobacterium betavasculorum and other Pectobacterium carotovorum strains; it was absent from strain SCRI 109 T . Instead, phospholipid II was present in strain SCRI 109 T and the Pectobacterium carotovorum subspecies type strains but not in the type strains of the other species. Additionally, aminolipids (AL1, 2) were present in strain SCRI 109 T as well as in the Pectobacterium carotovorum subspecies type strains, but not in type strains of the other species of the genus Pectobacterium. Aminophospholipid PN1 was detected only in Pectobacterium betavasculorum.
The whole-cell fatty acids of all strains were dominated by straight-chain acids, and while no clearly discriminative fatty acid component was detected, differences in amount of fatty acids were noted; the amount of C 15 : 0 (3.03 %) in strain CFBP 3304 T (Pectobacterium wasabiae) was discriminative in comparison to the trace amount observed in other species. Whole-cell fatty acids of Pectobacterium carotovorum strains and strain SCRI 109 T were in the same range (Table S3 ). , weakly positive. All strains were positive for utilization of N-acetyl-Dglucosamine, L-arabinose, D-fructose, D-galactose, gentiobiose, a-D-glucose, myo-inositol, D-mannitol, D-mannose, b-methyl D-glucoside, Lrhamnose, sucrose, trehalose, methyl pyruvate, D-saccharic acid, succinic acid, bromo-succinic acid, L-asparagine, L-aspartic acid, glycerol, DL-aglycerol phosphate and glucose-6-phosphate. All strains were negative for utilization of hydroxybutyric acid, hydroxyphenylacetic acid, itaconic acid, a-ketovaleric acid, malonic acid, propionic acid, quinic acid, glycyl-L-glutamide acid, L-histidine, hydroxyl-L-proline, L-leucine, L-ornithine, L-phenylalanine, L-proline, L-pyroglutamic acid, L-threonine, DL-carnitine, c-aminobutyric acid, urocanic acid, phenyethylamine, putrescine, 2-aminoethanol, 2,3-butanediol and glucose-1-phosphate. None of the strains were sensitive to erythromycin or produced gas from D-glucose. utilize glycogen, D-serine, L-alaninamide, D-alanine, Lalanine, glucouramide and L-alanyl glycine. Also utilizes maltose, melibiose, raffinose, xylitol, DL-lactic acid, aketoglutaric acid, D-galactonic acid lactone, Tweens 40 and 80, glycyl-L-aspartic acid, cellobiose and D-glucosaminic acid, but not D-arabitol or glucose-1-phosphate. The major respiratory lipoquinones are Q-8 and MK-8. Major polar lipids are phosphatidylethanolamine and phosphatidylglycerol; also contains aminophospholipid and aminolipids. Clusters separately in MLSA based on housekeeping genes (acnA, icd, gapA, mdh, mtlD, pgi, proA and rpoS). Has ,65 % genomic similarity to other pectobacteria by DNA-DNA hybridization.
Description of
The type strain is SCRI 109 T (5NCPPB 929 T 5LMG 2417 T 5 ICMP 1522 T ), which was isolated from Zantedeschia aethiopica (Order: Alismatales, Family: Araceae, Subfamiliy: Aroideae). The DNA G+C content of the type strain is 50.2 mol%.
